ABSTRACT Zebra-pattern-like spectral structures are found in microbursts of the Crab pulsar, which are reminiscent of "zebra bands" in type IV solar radio flares. However, band spacing increases linearly with band-center frequency between ∼ 5 − 30 GHz. We propose that the Crab pulsar giant pulse could be originated from the coherent instability of plasma at near light cylinder. Growth of the coherent instability is caused by the resonance between the cyclotron-resonant-excited wave and the background plasma oscillation. In this scenario, the band structures of the Crab pulsar could be well fitted by a coherent instability model where plasma density at light cylinder is required to be ∼ 10 13−15 cm −3 , with an estimated gradient of > 5.5 × 10 5 cm −4 . This process may be accompanied with some high energy emissions. Similar phenomena are expected to be detectable in other type I giant pulse sources which have magnetic fields of ≃ 10 6 G at light cylinder.
INTRODUCTION
Giant pulse (GP), a special form of pulsar radio emission, is a burst-like individual radio pulse from pulsars (Kuzmin 2007) . Their observed flux densities are tens or hundreds of times, or even much larger than that of the average pulse (AP), that differs from the flux densities of regular individual pulses which do not exceed a factor of ten. Certainly, these individual pulsed emissions carry a lot of important and detailed information about the physics of the pulsar radio emission.
The first GP was detected from the Crab pulsar (PSR B0531+21) which is regarded as a remarkable GP emitter (Staelin & Reifenstein 1968) . GPs in the Crab pulsar were detected mainly at two phases: the main pulse (MP) and the interpulse (IP), in the frequency range from 20 MHz to 46 GHz (Cordes et al. 2004; Ellingson et al. 2013; Hankins et al. 2015) . Hankins et al. (2003) found the extremely narrow nanosecond structure, a subset of GP, corresponding to a high degree of circular polarization. The energy flux of GP shows a powerlaw distribution with a spectral index of −2.0 to −4.2 (Popov & Stappers 2007) , while that of a normal pulse is Gaussian or log-normal distributed (Hesse & Wielebinski 1974; Ritchings 1976) . It indicates that GPs may have a different emission mechanism from that of normal pulses. Besides the Crab pulsar, similarly characteristic features of GPs, are also shown in a Crab-like pulsar, PSR B0540−69 which is a young supernova-remanent wywang@bao.ac.cn central pulsar (Johnston & Romani 2003) , as well as several millisecond pulsars (MPs, e.g., PSR B1937+21, Soglasnov et al. 2004) . A common property of these host pulsars is the high magnetic field of B LC ≃ 10 6 G at the light cylinder (LC). In addition, GPs are discovered in pulsars with B LC values from several to a few hundred Gauss (Ershov & Kuzmin 2003 , 2006 . Here, GPs are classified into two types (e.g., Kuzmin 2007) : pulsars with B LC ≃ 10 6 G (type I) and that with B LC ∼ 10 − 100 G (type II).
More than a few efforts have been made to understand the generation of GPs. For instance, a kind of GP, nanoshot was predicted by a model of plasma wave turbulence (Weatherall 1998) . The radiation around the plasma frequency is linearly polarized along the magnetic field lines whereas nanoshots from the Crab pulsar can exhibit strong circular polarization . Petrova (2004) argued that giant pulses arise as a result of induced Compton scattering of radio radiation off the plasma of the magnetosphere. The frequency spectrum should be continuous after the emission wave is scattered by plasma of pulsar magnetosphere. However, spectral band structures are found in IP of the Crab pulsar (Hankins & Eilek 2007) , which are reminiscent of "zebra bands" in type IV solar flares (Slottje 1972) . Alternatively, it is also proposed that GPs are originated from the anomalous cyclotron resonance on the last closed magnetic field line near LC (Lyutikov 2007) . The first few harmonics approximately match the bands at ν ≃ 6 − 10 GHz while high harmonics de- -(Color online) P -Ṗ diagram of pulsars, including pulsars which have been detected GPs (red pentagon), rotation-powered pulsar (black points), magnetars (green squares), X-ray-dim isolated neutron stars (yellow diamonds), central compact objects (blue circles), rotating radio transients (magenta triangles), and pulsars in binaries (light blue crosses). The pulsar population data are from ATNF Pulsar Catalogue . The death line for a typical R = 10 km neutron star is indicated by the black dasheddotted line BP −2 = 1.7 × 10 11 G s −2 , (Bhattacharya et al. 1992 ). The spin-up limit is shown as the red dashed-dotted line P = 1.9(B/10 9 G) 6/7 ms (van den Heuvel et al. 2015) .
viate at bands with higher frequencies. Band spacing shows a linear function of ∆ν ≃ 0.06ν from 5 GHz to 30 GHz that can rule out so many models . These band structures are thought to be generated from the source itself, or some propagation effects except stellar scintillations which shows ∆ν ∝ ν 4−4.4 (e.g., Lambert & Rickett 1999) . In this paper, we suggest that the Crab pulsar GP is caused by the coherent instability of plasma at near the magnetic equator of LC. Radiative waves are amplified at frequencies close to the electron cyclotron harmonics due to the cyclotron instability. Then, the resonance between the cyclotron-resonant-excited wave and background plasma oscillation makes the coherent instability grow. In Section 2, we explain the formation of radiative regions and the emission process. In Section 3, we apply our model to the Crab pulsar. Some necessary discussions are made in Section 4. Finally, a summary is presented in Sections 5.
COHERENT INSTABILITY AT NEAR LC
2.1. Emission region at near LC We summarize the comparative data for all known GP host pulsars in Table 1 . Based on the distribution of GP sources in Figure 1 , we propose that the type I GP emission comes from the plasma at near LC. The Crab pulsar is a typical type I GP emitter. Generally, for a rotating magnetized neutron star, a strong electric field can be induced at the magnetosphere (Goldreich & Julian 1969) , producing an electronpositron(e − − e + ) pair plasma. Secondary e − − e + pairs are produced due to charged particles which are accelerated to 10 11 eV. And more pairs are produced until a pair avalanche is formed (e.g., Ruderman & Sutherland 1975) . These avalanche-like pair productions lead to the plasma density in open field lines much higher than the Goldreich-Julian(G-J) density. Such processes hardly happen in closed field line region in which charge density is equal to their local G-J density. The G-J density is
where Ω denotes the rotation vector of the neutron star. It may be significantly enhanced in the current layer and sheet that makes a dense plasma region formed near LC in the equatorial plane.
Magnetic reconnection occurs at the internal edge of the current sheet where it comes to the closed lines of the magnetosphere. This process loads the open field lines with plasma and cause field-aligned accelerating fields (Arons 2008) . Charged particles (e − − e + pair plasma) are strongly accelerated in the reconnection region and injected into closed field line regions via the Y-point (e.g., Lyubarskii 1996; Istomin 2004; Zenitani & Hoshino 2007) . The injected particles are beamed and ultrarelativistic that brings much free energy to generate plasma instability. The maximum Lorentz factor of the electrons acquired from the reconnection was estimated to be γ max ∼ 10 11 (Istomin 2004) . Basically, the maximum electron energy is limited by radiative damping. With the assumption of curvature-radiation-dominant loss process, the Lorentz factor of fast particles on closed lines is estimated to be 10 7 by Lyutikov (2007) . Magnetic field lines close to LC are shaped like a magnetic mirror. Particles moving along the field lines into the neutron star experience an increasing force that eventually causes them to reverse direction and return to the confinement area. As a result, particles acquired larger velocity which is perpendicular to the magnetic field through the reconnection, are easier to be trapped and form a banana-like radiation region, shown in Figure  2 . The radiation region is co-rotating with its host pulsar because of the effect of frozen-in field lines. Also, radiation of the beam particles makes them cool. These cooled particles can be thought of as the background plasma which is fed by the trapped beam particle. Therefore, particles at near LC in the closed field line region could be regarded as two different parts: nonthermal beam par- Here PSR is a pulsar name, P is period and S GP /Savg is an excess of the peak flux density of a strongest GP over the peak flux density of an AP.
ticles and cold background plasma.
2.2. Coherent instability with band structure It is proposed that the Crab pulsar GP is originated from coherent instability of ultra-relativistic pair plasma near LC. Beam particles can bring much free energy that produces cyclotron resonance instability. Electron cyclotron resonance instability, e.g., electron cyclotron maser, was first proposed by (Twiss 1958 ) who considered that the induced absorption may be negative for electrons with a population inversion in a higher energy state. It is a significant process that generates coherent radiation from magnetized plasma (e.g., the Sun, other stars and magnetized planets, Treumann 2006) . Here, this process is argued to be generated on a pulsar with a strong magnetic field and an ultra-relativistic plasma beam. Kazbegi et al. (1992) showed that the conditions for the cyclotron instability development are satisfied at near pulsar LC length scales.
The high-frequency electromagnetic waves could be amplified by a resonant interaction between the wave and energetic electrons at the Doppler shifted electroncyclotron frequency and its harmonics (Twiss 1958; Bekefi et al. 1961) . The general cyclotron resonance condition for harmonic number s (s > 0, i.e., normal cyclotron resonance) is
where ω is the frequency of the excited wave, γ b is the Lorentz factor of electron beam, k and v are components of the wave-vector's and particle's velocity along magnetic field, and ω B = eB/m e c is the cyclotron frequency of electrons, in which m e is the mass of electron and B is the strength of magnetic field. Growth of the instability occuring for the resonant electrons lie in regions of ∂f /∂p ⊥ > 0, where p ⊥ is the electron momentum perpendicular to the magnetic field and f is the distribution function of electrons, because the gradient in f provides the free energy which drives the instability. Wu (1985) discussed that the case of resonance ellipses for k c < ω < sω B in velocity space. With a strong magnetic field, the portion of the ellipse inside the region where ∂f /∂p ⊥ > 0 may be so small that it is difficult to provide much free energy to induce the instability. However, for ultra-relativistic particles, one should consider the resonance ellipse in momentum space. Equation (1) in momentum space can be written as,
(2) For instance, we plotted a resonance ellipse with 1 − k c/ω = 1 × 10 −5 and sω B /ω = 100 in momentum space shown in Figure 3 . The ellipse is situated on one side of the origin that may make larger portion of the ellipse inside the region where ∂f /∂p ⊥ > 0.
When radiation propagates across the magnetic field, there are two eigenmodes: the extraordinary mode (Xmode, the electric field is perpendicular to the k-B plane) and the ordinary mode (O-mode, in the plane). The dispersion relation in magnetized plasma can be written as (Wu 2002) ,
where N q are the refractive index, q = ± denote the O and X modes, Ω B,b = ω B /γ b is the observed cyclotron frequency of relativistic electron beam, θ is the angle between the ambient magnetic field vector and the wave vector, and Ω p,b = (8πn b e 2 )/(γ b m e ) is the total plasma frequency of pair plasma beam, in which n b is the number density of the electron beam. The polarization is given by (Ginzburg 1970) ,
where z axis is parallel to the wavevector. Both O and X modes exhibit elliptic polarization: X mode is right-hand polarized, whereas O mode is left-hand polarized. For these ultra-relativistic plasmas, their emission propagates approximately along the direction of magnetic field because of the beaming effect. In the limit of θ ∼ 1/(2γ b ) ≪ 1, Ω B,b ≪ ω and Ω p,b ≪ ω, the cut-off frequency for the two modes are
where ω L for the left-hand O mode and ω R for the lefthand X mode. From equation (1) and (3), one can obtain,
Thus, the spectrum exhibits zebra-pattern-like band structures during the cyclotron instability occurs. A successful model for the solar zebra bands is the double plasma resonance, which proposed that enhanced excitation of plasma waves occurs at resonance levels where the upper hybrid frequency coincides with an integer multiple of the cyclotron frequency (Zheleznyakov & Zlotnik 1975) . However, unlike the solar double plasma resonance, the wave resonate with the upper hybrid wave of the e − − e + pair tail is the cyclotron-resonant-excited wave. In a magnetized plasma, there is an restoring force due to the Lorentz and the electrostatic Coulomb force. The oscillation frequency is the upper hybrid frequency ω uh that can be regarded as the background frequency. A resonance between the cyclotron-resonant-excited wave and the cold background plasma oscillation would occur when,
where Ω B,c = ω B /γ c is the observed cyclotron frequency of background plasma, Ω p,c = (8πn c e 2 )/(γ c m e ) is the total plasma frequency of background plasma, n c and γ c are number density and the Lorentz factor of the background plasma. A set of harmonics would be excited when the spatial structure of n c and B allows this resonance to be satisfied at more than one location. In the usual polar coordinates (R, α) where α measured from the rotation axis, small changes in Ω p,c and ω B at location of R + ∆R can be written as (Winglee & Dulk, 1986) ,
where L n = n c (dn c /dR) −1 and L B = B(dB/dR) −1 are the scale lengths of the inhomogeneities in n c and B, respectively. Here, we assume that n b (R) has same functional form as n c (R), i.e., n b (R) = κn c (R), where κ is a constant as well as γ c . For Ω B,c ≪ Ω p,c , the location change is given by,
Then, for high harmonics, the stripe frequency separation is given by
Therefore, band structures are modulated by this wavewave interaction. The stripe frequency separation of the modulated bands is proportional to the band-center frequency.
GP IN THE CRAB PULSAR
The Crab pulsar is the most active and a bright GP emitter which has been detected. Most MPs and lowfrequency IPs are made up of one to several microbursts. These microbursts can occur anywhere in the probability envelope defined by the mean-profile component with variable strength . Also, they can often be resolved into short-lived, overlapping nanoshots (Hankins et al. 2003; Hankins & Eilek 2007 ). In contrast, nanoshots have not been found in high-frequency IPs . Spectral bands are found in IPs at multi-frequencies. Band spacing measurements of IPs in the range of 5 − 30 GHz are well fitted by a linear function of ∆ν = 0.06ν. It can be well fitted by equation (10), shown as Figure 4 .
For the Crab pulsar, one can calculate the cyclotron frequency ω B ≃ 8.4×10
3 GHz at near LC. From equation (7), it is required that n b > 8.4 × 10 13 cm −3 in order to have frequency 5 GHz. A typical timescale of IP spectral band structures is several micro-seconds which indicates an emitting source scale of ∼ 3 × 10 4 cm. The coherence scale of the cyclotron instability is supposed to be the gyroradius of electron. The Lorentz factor of beam particles can be estimated to γ b ∼ 10 6 . Hence, one can obtain the lower limit of the cut-off frequency of ∼ 0.1 GHz. Band structures of the microburst spectrum are excepted to be detected in lower frequencies.
A combined term n c γ c m e c 2 B 2 LC /(8π) is given by the condition for the background plasma blocked in the magnetic field lines. The number density of the background plasma at the Y-point can be estimated to n c ∼ 10 13−15 cm −3 with γ c ≃ 10 2−4 in order to make the resonance between the cyclotron-resonantexcited wave and the background oscillation occur. Such high dense plasma for G-J density is supposed to be within 10 3−5 cm at near the magnetic equator of LC. Also, the number density and the Lorentz factor of the e − − e + pair tail produced at open field lines are 10 4−5 times than G-J density of the star surface i.e., n t ≃ 10 17−18 cm −3 with γ t ≃ 10 3−4 (Machabeli & Usov 1989; Hibschman & Arons 2001) . A possible reason for the relativistic dense plasma in closed lines near LC is that torsional Alfvén waves or pumping magnetic helicity lead to the pair tail particles diffusing into the closed field line region, e.g., the density of PSR J0737−3039 on the closed field line exceeds the G-J density by a factor of 10 4−5 (Lyutikov & Thompson 2005) . Here, type I GP is supposed to be the performance of high density plasma activities at near LC.
A value of 2L n /L B 3.6 can be obtained from equation (10). In the frame of a dipole magnetic field, dB/dR at near LC can be calculated to ∼ 3B LC /R LC ∼ 0.1 G cm −1 . The scale lengths of the emission region is approximately equal to L n The inhomogeneity scale of n c is |L n | < 1.8 × 10 7 cm that indicates an estimation of |dn c /dR| > 5.6 × 10 5 cm −4 . The absorption could be neglected due to the small length. n c and B are increasing from the position of radiation source along the line of sight. Thus, high harmonics with low frequency come from the location closer to LC.
The growth of the instability is supported by the free energy that comes from the non-equilibrium anisotropic distribution of fast particles. One way to provide free energy is that the magnetic reconnection and fast beam particle injection at the Y-point. The temporal growth rate of the cyclotron instability can be estimated as (Lominadze et al. 1983) ,
where γ 0 ≃ 10 4−5 is the mean Lorentz factor of the plasma system on average and γ p ≃ 10 −5 c/Ω ≃ 10 3 , in which Ω is the angular velocity of spin. The growth rates of different bands are nearly the same. The observed intensity also depends on saturation mechanism. In the case of Ω B,b ≪ Ω p,b , the growth rate of low harmonics is faster than that of high (e.g., Melrose et al. 1984) . The maximum instability growth of loss-cone is proportional to s −2 (e.g., Rosenbluth 1965) . It is consistent with the result that the intensity of high frequency is larger. The cyclotron instability may grow at a timescale of several milliseconds which meets time of the beam particle escape from the LC. Basically, the background resonance also helps with the instability increasing. The final growth rate needs to consider contributions from cyclotron instability and the background-oscillation resonance.
DISCUSSION

Radiation at near LC
It is proposed that normal radio pulse may be derived from polar caps while GP comes from the region near LC. Normal radio pulse emissions for many pulsars are thought to be originated from lower altitudes, i.e., polar caps. Peaks of optical, X-ray and γ-ray pulse components have precisely the same pulse phases as GPs in the Crab pulsar (Hankins & Eilek 2007) . Moreover, in millisecond pulsars (e.g., Cusumano et al. 2003) , GPs are closely aligned in phase with the pulse component observed at X-ray bands. For instance, in PSR J0218+4232, GPs are coincident with the phases of the X-ray peaks whereas they deviate from peaks of mean radio pulse profile (Knight et al. 2006) . Pulse phases coincidence of radio GP and high energy emission is interpreted by their same emission area.
In the Crab pulsar, the upper limit of luminosity for high energy emission is ∼ B due to the magnetic reconnection. Spectrum of 10 MeV− 2.5 GeV are interpreted by synchrotron emission near LC (Chkheidze et al. 2011) . Inverse Compton scattering from collisions between e − /e + and soft photons, and curvature radiation from e − /e + , are possible ways in generating 1 GeV radiation. Pair annihilation in the GP emission region can create 0.5 MeV γ-rays. The spectrum of these γ-rays may be power-law like because annihilation section for e − −e + is proportional to γ −2 . Moreover, e − − e + pairs produced in the current sheet near LC emit in near infrared and optical band which have same pulse phases as radio GP (Lyubarskii 1996) .
Most MPs consist of several microbursts which can be resolved into nanoshots. These nanoshots can occur anywhere inside the MP phases with randomly circular polarization (Hankins et al. 2003) . Scale length of few tens to several hundreds is predicted by nanoshots. In the frame of the cyclotron instability, this scale coincides with the gyroradius of the background electrons.
The normal modes of plasma become circularly polarized for propagation close to the magnetic field: lefthand for e − moving faster than e + whereas right-hand for e + moving faster than e − (Allen & Melrose 1982) . There is still no evidence that spectral bands have been observed in nanoshots. Maybe the frequency resolution is not high enough within serval nanoseconds. In addition, particles tend to drift along the direction perpendicular to the plane containing the curved field lines. Drift waves can be generated from the drift particles. In the magnetosphere, three and four-wave interaction and nonlinear interaction with plasma particles may exist (Gogoberidze et al. 2005) . The wave frequency becomes higher due to the waves merging. In this scenario, emitting spots form within some small structures in which accumulate energy transferred from electrons (Machabeli et al. 2017) . Timescale of the spots emission is ≈ 1/(Ωγ b ) ∼ 10 −9 s that coincides with a nanoshot. The emission regions are patchy and dynamic that leads to the radio power which fluctuates on a wide range of timescales . Non-uniformity of the emission region is a necessary condition for a set of harmonics excited by the background plasma oscillation resonance, while inhomogeneities of the emission region may broaden the stripes. The number density gradient is suggested to be very large, that makes emissions generation and resonance with the background oscillations occur at extremely closed locations.
The loss of electrons with small pitch angles due to the precipitation into a high density "corona", can give rise to a loss-cone distribution in the momentum space. The plasma region meets the condition of the loss-cone momentum distribution. There are many kinds of loss-cone distribution functions for relativistic electron plasma, e.g., Pritchett (1984); Tsang (1984) . Growth of the normal cyclotron resonance can be generated when resonant electrons lie in a loss-cone. This process is different from cyclotron-Cherenkov resonance which is a wave-wave interaction (Lyutikov et al. 1999; Lyutikov 2007) . Similar with pulsar GP, zebra patterns are also observed in solar radio burst. Microwave zebra patterns associated with solar flares can be classified into three types in which the growing-distance pattern can be explained by the double plasma resonance (Tan et al. 2014) . However, if the GP band structures are caused by double plasma resonance, a much lower magnetic field is needed.
Generally, the instability is caused by beam particles which are powered by the reconnection at near LC. A strong magnetic field can provide enough free energy that may be the reason why type I GP tends to occur at pulsar with B LC ≃ 10 6 G. Therefore, more GP events are expected to be found in high B LC pulsars. The band structure may be a common property among all type I GP source. Future advanced facilities may provide unique opportunities to search more samples and understand more informations about GP. We are looking forward to detect these structures in other type I GP source and that in lower frequencies of the Crab pulsar.
GP sources
It is worthy to note that GPs are multi-originated. In the pulsar P -Ṗ diagram, shown as Fig 1, the sources with GP are divided into two parts. The separation of the GP sources in the P -Ṗ diagram suggests that type I and type II GPs are come from different regions. For instance, Kuzmin & Ershov (2004) found that the frequency dependence of the separation of GP emission regions for PSR B0031−07 is similar to that of the width of the AP. This suggests that the type II GPs are emitted from a hollow cone over the polar cap instead of LC. Type II GPs are also found in PSRs B1133+16 and B1112+50. The fact of their pulse phase ranges narrower than that covered by the mean pulse profile is similar with cases of the Crab pulsar and PSR 1937+21 (Karuppusamy et al. 2011) . However, there are some differences between type I and type II GP. Typical timescale of type II GP is several milliseconds while that of type I is micro-second or even nano-second. The maximum flux density of type II GP rarely exceeds that of AP by a factor of a thousand. Phase of type II GP is stable inside the integrated profile whereas type I GP can occur at phase outside mean pulse profile ). Thus, type II GP is also considered as a so-called "not-so-GP" (Manchester 2009 ). Additionally, type II GP sources are located with rotating radio transients (RRATs). The pulse intensity distributions of RRATs are log-normal with power-law tails and the spectra is power-law like (Miller et al. 2011) . These characteristic features meet normal pulses. Type II GPs are likely to be some bright normal pulses.
For type I GP sources, the Crab pulsar and PSB B0540−69 are located away from other sources some of which are milli-second pulsars. A common feature of these sources is the high magnetic field at near LC, shown in Figure 1 . MP and IP of 1.4 GHz appear at the same phase as two peaks in the high energy light curve that is similar to the case in millisecond pulsars (Abdo et al. 2010; Johnson et al. 2014 ). This may imply that the Crab pulsar and millisecond pulsar have the same emission region. Both the Crab pulsar and PSR B0540−69 are central pulsar of supernova remnant . They are surrounded by strong pulsar wind nebula which are dynamic dense magnetized clouds of electrons. The backward pulsar wind nebula offers possibilities for the formation of the high density plasma at near LC. In addition, for millisecond GP sources, some of these are identified as binaries. Accreting material from a companion star may form the dense plasma region near LC. In the these cases, maybe binary pulsar or remnant-central pulsar with high magnetic field at LC is easier to detect GP. Maybe we could observe some sporadic bright individual pulses which are derived from the "missing" pulsar in SN 1987A (Manchester 2007) .
GP and Fast Radio Burst
Similar with GP, fast radio burst (FRB) is also a phenomenon of radio flash with high flux density. Many models suggest that FRBs are originated from magnetars (e.g., Pen & Connor 2015; Metzger et al. 2017) while there is no evidence that GPs are detected in magnetars. Recently, rotation measurement shows that the environment of the repeater FRB 121102 is similar with a galactic center magnetar PSR J1745−2900 (Michilli et al. 2018) . The linear polarization of the repeater is about 100% after correcting for Faraday rotation and accounting for about 2% depolarization from the finite channel widths (Michilli et al. 2018 ). The repeater source itself is strong linearly polarized. This scenario is consistent with high-frequency IP while deviates from MP of the Crab pulsar. Also, over half of the peaks, GPs are known to be approximately 100% circularly polarized of PSR B1937+21. The differences in polarization between the repeater and GP may suggest that they have different origins.
The narrow frequency width of GP can be estimated as ∆ν ≃ 0.06ν ∼ 1 GHz that is assumed to be equal to that of FRB. The maximum flux of the Crab GP is S GP ∼ 1 MJy at a distance of d Gp ≃ 1 kpc. GPs are repeated events while only one FRB has been found to be repeatable. The FRB repeater has a few hundred milli-Jansky flux with typical distance d FRB ≃ 1 Gpc (Chatterjee et al. 2017) . With these parameters, one can obtain the ratio of their luminosities,
The luminosity of FRB is 10 41−44 erg s −1 ) much higher than that of GP. The cumulative of GP energy distribution is power-law like with index of −1.2 to −4.2 Popov & Stappers 2007) that is steeper than the index of −1.16 for a repeating FRB sequence (Wang et al. 2018 ). In the this case, FRB can be regarded as a flatter high energy tail of GP possibly. Additionally, burst width of FRB is about few milliseconds that is different from the case of type I GP. Type II GP has a type width of ∼ 1 ms whereas the maximum flux is much smaller than that of type I GP.
GP and FRB exhibit different properties among polarization, timescale and luminosity. Recently, band structures are detected in FRB 121102 with band spacing of 1 − 100 MHz at 4 − 8 GHz, while no evidence of ∆ν ∝ ν are found Gajjar et al. (2018) . These band stripes in the FRB are speculated to be generated from interstellar scintillations.
SUMMARY
Based on the different properties of GP host pulsars, we propose GPs can be identified as two kinds: magnetic field at light cylinder with a factor of 10 6 G (type I) and that the case of few ones to a several hundreds (type II). These two type GPs exhibit differences among timescale, energy distribution and occurrence phase.
We note that the Crab pulsar GP could be originated from the coherent instability of plasma at near LC. The magnetic reconnection could occur at here and accelerate pair plasma injecting into the closed field line region. Since the magnetic mirror like shape of field lines closed to LC, the injected particles may be trapped forming a banana-like emission region. These beam particles bring significant free energy that makes cyclotron resonant instability grows and amplifies radiative waves at frequencies close to the electron cyclotron harmonics. The spectrum of the cyclotron-resonant-excited wave shows zebra-pattern-like spectral band structures. These structures can be modulated by the resonance between the cyclotron-resonant-excited wave and background plasma oscillation. The linear band spacing in IP of the Crab pulsar can be well fitted by the model of coherent instability at near LC. The modeled density of plasma at LC is 10 13−15 cm −3 with an estimated gradient of > 5.5×10
5 cm −4 . Hence, GP is the performance of dense plasma activities at near LC. This process may be associated with some high energy emissions. Similar band structures are expected to be detected in more type I GPs with multi-frequencies.
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